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COMPACTION  OF  SAND  USING  ORDINARY  OFF-ROAD  VEHICLES 


S.  SHAABAN 

MILITARY  TECHNICAL  COLLEGE,  KOBRY  EL  KOBBA,  CAIRO,  EGYPT 


Summary-Thls  paper  examines  Che  possibility  of  compacting  a sandy 
soil  using  ordinary  off-road  vehicles  instead  of  compactors.  Laboratory 
tests  showed  that  a considerable  compaction  of  sand  can  be  achieved  if 
alternative  cyclic  stresses  are  applied.  Such  stresses  can  be  generated 
if  a train  of  two  vehicles  is  employed  for  compaction:  one  vehicle  with 
all  wheels  driven  towed  another  vehicle  having  all  wheels  towed.  Compac- 
tion was  made  by  making  consecutive  passages  of  the  train  of  two  vehicles. 
Procedure  of  compaction  is  described  end  test  results  are  presented. 
Compacting  sand  by  thia  method  has  increased  the  density  up  to  92Z  the 
value  of  optimum  denaity  obtained  by  modified  compaction  test.  A consider- 
able amelioration  of  aoil  traf f icability  has  also  been  achieved,  this  is 
proved  by  the  experimental  drawbar  pull-slip  relationships  measured 
before  and  after  compaction. 


INTRODUCTION 

amelioration  of  vehicles  mobility  can  be  achieved  by  improving 
vehicles  design  and  / or  by  increasing  aoil  traf icability  by  compaction. 
Compaction  is  usually  achieved  by  using  compactors  which  need  to  be 
transported  to  the  work  sites. 

If  compaction  can  be  done  by  ordinary  offroad  vehicles,  this  would  reduce 
costs  and  provide  an  alternative  solution  to  the  oroblem. 

Results  of  triaxial  experiments  on  sand  made  by  FRANCO  [I] showed 
that  one  can  creat  considerable  volumetric  deformations  in  the  soil  by 
applying  cycles  of  alternative  stresses. 
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The  intensity  of  these  stresses  should  be  limited  so  that  the  induced 
soil  deformation  will  not  be  so  large,  otherwise  soil  dilatation  occurs. 

In  his  study,  he  showed  a case  where  soil  dilatation  was  obtained  (volume 
increased)  when  sample  axial  strain  was  large  (♦  5Z) . He  also  showed 
another  case  where  soil  was  compacted  (volume  decreased)  when  axial  strain 
was  limited  to  a small  value  (♦  0,752). 

In  practice,  alternative  stresses  are  applied  to  the  soil  if  a vehi- 
cle with  all  wheels  driven  towed  another  vehicle  having  all  wheels  towed, 
this  is  shown  in  Fig.  I. 

Soil  deformation  is  strongly  related  to  wheels  slip,  therefore  wheels 
slip  should  be  kept  small  during  compaction.  Generally,  slip  should  be 
lower  than  30Z[2] . This  slip  value  corresponds  in  most  cases  to  the  maxi- 
mum drawbar  pull  developed  by  the  vehicle.  Our  traction  tests  carried  out 
before  compacting  the  experimental  soil  showed  that  the  maximum  drawbar 
pill  is  delivered  at  I0X  slip.  Thus,  we  tried  to  keep  wheels  slip  during 
compaction  below  this  value. 


towed  vehicle  towing  vehicle 


DP  • drawbar  pull 

RR  * rolling  resistance 

F • soil  reaction 

force 

towing  vehicle 


time 

towed  vehicle 


Fig.  I Forces  acting  on  the  soil  during  compaction. 
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EXPERIMENTAL  SOIL 

f P60  - . 

An  uniformly  graded  aand  having  a coefficient  of  uniformity  p 

and  a grain  aite  diatribution  ahown  in  Fig.'1  waa  the  experimental  aoil. 
Sand  bin  haa  a length  of  70  m,  a width  of  7m  and  a depth  of  0,8  m. 
Moiature  content  aeaaurad  before  compaction  in  the  layer  from  0 to  45  cm 
of  the  eand  bin  waa  nearly  4X.  Laboratory  atandard  and  modified  rompactiai 
teata  were  carried  out,  and  the  dry  denaity-aoiature  relationahipe  are 
ahown  in  Fig. 3.  Compaction  curvea  ahov  that  a moiature  content  of  3 to  5Z 
ia  unfavourable  for  collecting  auch  aand.  Unfortunately,  the  exiating 
natural  content  of  4Z  waa  not  poaaible  to  change  becauae  of  climate  cond- 
ition . 

Surface  of  aand  in  the  bin  waa  gently  levelled  before  compaction  uaing 
a light  grader. 


Fig. 2 Particle  aire  diameter  of  experimental  aoil. 
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COMPACTION  PROCEDURE 


Compaction  was  dona  by  making  consecutive  paaaagaa  by  the  train  of  two 
off-road  vehiclee.  The  towing  vehicle  moved  with  all  axle*  driven  and  the 
loweat  gear  ahifted  (l(t  gear  in  main  gear  box  and  low  gear  in  auxiliary 
geat  box).  The  towed  vehicle  (connected  to  the  towing  vehicle  by  a ataal 
rope)  moved  with  engine  atopped  and  brakaa  releaaed. 

To  increaae  the  reaiatance  on  the  towing  vehicle  the  top  gear  in  the  towed 
vehicle  gear  box  waa  ahifted  and  for  further  increaae  of  reaiatance  a 
lower  gear  waa  engaged. 

Incrcated  reaiatance  cauaed  more  alip  of  towing  vehicle  wheels,  thua  it 
waa  poaaible  to  change  the  degree  of  alip  by  ehlfting  different  apeeda  in 
the  towed  vehicle  gear  box.  To  calculate  wheela  alip  during  compaction, 
the  actual  diatance  covered  during  ten  revolutiona  waa  meaaured,  and  the 
theoretical  diatancc( which  would  be  covered  if  wheela  purly  rol 1,  calcula- 
ted. Slip  value  waa  then  determined  from  the  equation: 


i - 


hh-'. 


where : 

i ■ wheela  alip 

itH  theoretical  diatance 

l^m  actual  diatance 

Firat  paaaagc  waa  aituated  0,5  m from  the  aide  wall  of  aoil  bin.  Follotmd 
paaaagaa  were  laterally  shifted  each  by  0,3  to  0,5  m from  the  former,  this 
is  shown  in  Fig.  4. 
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Fig. 3 Experimental  dry  density-moisture  relationships . 
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Fig. 4 Compaction  of  the  fine  sand  using  the 
train  of  two  offroad  vehicles. 
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91200 
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B 
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2 

2,5 

3 

F:3,7 
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B 
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3 

3.9 

Bsa 

2,7 

- 

Tyres:  E 22, 

5 Pilot* 

t M+S4 

Michel  in 

towed 

C 

101200 

vehicle 

P 

1.3 

1.7 

2.1 

1,8 

Tyres: 12,00-20 

Michelin 

C:  vehicle  weight,  N.wtone 
p:  inflation  preasure,  bare 
i:  wheel  slip,  X 

F:  front  wheel*  R:  rear  wheel*. 

Table  1.  Deicription  of  compaction  phaae*. 

ME AS UR ID  VALUES 

Moisture  content  was  measured  before  each  phase  of  compaction  in  ten 
point*  of  soil  bin  measuring  sone.  This  zone  situated  in  the  middle  of 
soil  bin  had  a length  of  20  m and  width  of  5 m.  Moisture  content  sample* 
were  taken  at  depths  of  0,15,30  cm.  Places  of  measuring  the  moisture  cont- 
ent are  shown  in  Fig.  5,  and  average  values  were  as  following: 


before 

compaction 

w-  4Z 

before 

2*^  compaction  phase 

• 2,5  X 

before 

3r^  compaction  phase 

- 2,5  X 

before 

4^  compaction  phase 

- 3,2  X 
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The  in  situ  density  was  measured  after  finishing  2nc*  , 3rC*  and  A1*1 
compaction  phaaes  using  yrays  density  meter  in  same  points  as  for  moist- 
ure content.  Before  measuring  the  density, the  surface  of  soil  bin  was 
gently  levelled.  The  density  meter  enabled  to  have  readings  of  moisture 
content,  bulk  and  dry  densities  at  depths  of  0 to  30  cm.  For  greater 
depth  (40,  50  cm)  the  soil  surface  layera  of  10,  20cm  thickness  were 
taken  off  (see  Fig. 6). 

The  average  of  density  values  in  the  ten  points  of  same  layer  waa  consi- 
dered as  the  sand  density  at  that  depth. 


Fig. 5 Points  of  measuring  the  moisture  content  and  density. 

Traction  tests  were  carried  out  before  and  after  compaction.  In  these 
tests  the  towing  vehicle  moving  in  the  sand  bin  pulled  a braking  vehicle 
of  adjustable  braking  effort.  The  pulling  force  was  measured  by  a force 
dynamometer,  and  the  speed  of  travel  by  a fifth  wheel  fixed  to  the  towed 
vehicle.  Theoretical  speed  of  vechicle  motion  was  measured  by  a pulse 
generator  fixed  to  one  of  the  towing  vehicle  rear  wheels  (Fig. 9).  Instan- 
taneous values  of  pulling  force  (drawbar  pull),  travel  and  theoretical 
speeds  were  continuously  recorded  on  a multichannel  recorder,  and  the 
drawbar  pull-slip  relationships  were  traced. 
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RESULTS 

The  in  situ  dry  density-depth  relationship*  (Pig*  6,7)  ar*  consider- 
ed  a*  a measure  of  degree  of  compaction.  Fig. 6 shows  that  after  the  third 
compaction  phase  the  sand  dry  density  at  a depth  of  20  cm  increased  to 
93Z  of  the  optimum  dry  density  dstarmined  by  modified  connection  test,  at 
a depth  of  30  cm  it  increased  to  95Z  of  the  optimum  dry  density.  Fig. 7 
shows  that  after  the  fourth  compaction  phase  the  aand  dry  density  at  a 
depth  of  30  cm  slightly  decreassd  to  92Z  of  the  optimum  value.  But  at 
50  cm  depth,  it  attained  a high  value  (97Z  of  the  optimum). 

The  drawbar  pull-slip  relationships  (Pig.B)  measured  beofre  and 
after  compaction  are  considered  for  evaluating  the  amelioration  of  soil 
trafficability  by  compaction.  Referring  to  Pig. 8,  it  is  seen  that  the 
maximum  drawbarpull  (at  I0Z  slip)  increased  by  30Z,  and  for  lower  slip 
values  it  increased  up  to  60  Z.  Average  valuee  of  drawbar  pull  and  the 
corresponding  slip  ar*  given  in  table  2. 


Ydos,Ydom 
optimum  dry 
density  determ- 
ined by  standard 
and  modified 

compaction  tests 


) 


85 


0,90 


DP  before  compaction 

DP  after  compaction 

1360 

2185 

1625 

2235 

1785 

2300 

1830 

2385 

1825 

2300 

1690 

2155 

1560 

1835 

1410 

1700 

1136 

1370 

975 

1235 

1300 

2200 

Table  2 Drawbar  pull  values  before  and  after  compaction. 
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Fig. 8 Drawbar  pull-alip  experimental  curve*  before  and 
after  compaction. 
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Fig. 9 Traction  teat . 
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CONCLUSIONS 


1.  The  proposed  method  for  tend  compaction  in  which  alternative  atreaa- 
ea  are  applied  to  the  aoil  tiling  a train  of  two  off-road  vehicle! 
prved  to  be  ef f icient, aand  denaity  at  a depth  of  30  cm  increaaed  to 
92Z  of  the  optimum  dry  denaity  determined  by  nidified  compaction 
teat,  and  to  95Z  at  50  cm  depth. 

2.  During  compaction  of  aand,  alip  of  wheela  of  compactora  ahould  be 
enough  lower  than  the  alip  correaponding  to  the  maximum  drawbar  pull 
determined  by  traction  teat.  A alip  of  5Z  can  be  conaidered  aa  a 
limit  value  beyond  which  aoil  decompaction  occura. 

3.  Inflation  preaaure  of  vahiclc  tyrea  ahould  be  aucceaaively  increaa- 
ed, and  a preaaure  of  3,5  bare  can  be  conaidered  aa  a limit  value. 
Greater  inflation  preaaure  increaaea  the  wheela  alip  and  ainkage  and 
laada  to  aoil  decompaction 

4.  A conaiderable  degree  of  compaction  waa  Achievad  although  the  aand 
waa  relatively  uniform  and  the  moiature  content  of  3Z  waa  unfavoura- 
ble. 

Acknowledgement : The  author  acknowledgea  the  co-operation  and  aaaie- 

tance  of  the  ETAS  (Etabl iaaement  Technique  d' Angara)  in  France  in  whoae 
aoil  bin  the  experimenta  wara  carried  out.  He  alao  wiahea  to  expreaa  hia 
appreciation  to  Profeaaor  J.Biarei,  Dr  Chriatian  Croajean,  and  Hr.  Conat- 
antin  for  their  aupport  and  aaaiatancc. 

REFERENCES 

1 T.Franco-Vellela,  "Meaurea  dea  proprictaa  rheologiquea  du  aola  en 
regime  non  permanent  ou  cyclique",  Theaia  of  Dr  Ing,  "Ecole  Central! 
dea  Arta  et  Manufacture!"  PARIS,  1979. 

2 G.S.V  Raghavan,  E.  Mekkayea,  Statiatical  modela  for  predicting  compa- 
ction generated  by  off-road  vehicular  traffic  in  different  aoil  typea, 
Journal  of  Terramechanica,  vol  3,  No.l,  1978. 

3 J.Jacquca  Fry,  "Contribution  A l'ftuda  et  a la  pratique  du  compactage", 
Theaia  of  Dr  Ing,  "Ecole  Centrale  dea  Arta  et  Manufacture! , Paria, 

1977. 


